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ABSTRACT: In May and June of 1996, a forensic anthropology
team from the C.A. Pound Human Identification Laboratory at the
University of Florida identified 9 of 10 juveniles from the crash of
ValuJet 592. The team relied primarily on a radiographic atlas de-
veloped and used by clinical practitioners to determine skeletal age.
Postmortem radiographs of the juvenile victims were compared
with radiographic standards to determine skeletal age. Skeletal age
was then compared to a passenger list indicating the sex, weight,
height, and chronological age of each individual. Tentative identifi-
cations based on the atlas method were organized into an exclusion
matrix. Final identifications were based on this assessment in con-
junction with other anthropological data such as appearance and fu-
sion of ossification centers and estimation of stature.
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The identification of victims from mass fatalities resulting from
high-speed aircraft accidents is difficult because remains are incin-
erated and extremely fragmented (1,2). In such cases, identification
is typically based upon fingerprints, dentition, DNA analysis,
and/or comparison of antemortem and postmortem radiographs
(3–9). Although these methods of identification are well-repre-
sented in the scientific literature (3–9), no current literature specif-
ically refers to the use of radiographic atlases in the identification
of subadult victims of mass fatalities.

A forensic anthropology team from the University of Florida’s
C.A. Pound Human Identification Laboratory consulted in the iden-
tification of the juvenile victims from the ValuJet Flight 592 disas-
ter. Although several methods were employed, the radiographic at-
las method of determining skeletal age proved to be the most
useful. Gruelich and Pyle’s Radiographic Atlas of Skeletal Devel-
opment of the Hand and Wrist (10) was of particular importance be-
cause these elements were well-represented among the recovered
remains, but radiographic atlases of the knee (11), and the foot and
ankle (12) were also used. Skeletal age, determined using the at-

lases, was compared to known chronological age and other ante-
mortem information derived from biological profiles provided by
family members. A total of nine juveniles were identified within a
three week interval. Of these, the atlas technique was essential in
eight identifications. A ninth was identified using other anthropo-
logical methods (i.e., epiphyseal union and stature estimation).

Materials and Methods

The remains recovered from the crash site were severely frag-
mented. Cranial fragments and teeth were rarely recovered. Juve-
nile remains were separated from adult remains by examination of
soft tissue morphology or radiographic identification of immature
bones and joints. Juvenile remains were then radiographed in the
position demonstrated in the respective atlas, on unscreened Kodak
EM-1 diagnostic mammography film.

Accurate antemortem information was obtained through ques-
tionnaires completed by surviving family members which provided
the identification team with specific information on exact birth
dates, weights, and statures. In some cases, photographs of the
decedents were available. This information provided evidence that
none of the juveniles on the aircraft exhibited considerable growth
retardation or acceleration.

Because hands were well represented among the remains, most
of our determinations of skeletal age were based on comparisons of
postmortem radiographs to standards in the Greulich and Pyle atlas
(see Figs. 1a through 3b). When a knee, or foot and ankle was re-
covered, we utilized respectively the atlases of Pyle and Hoerr (11)
and Hoerr et al. (12). Skeletal age was then compared to a passen-
ger list database that included the chronological age of record for
each individual. Tentative identifications based on the atlas method
were organized into a simple matrix. Few complete long bones
were associated with joints that had atlas referents. When unasso-
ciated limbs were recovered, skeletal age was estimated on the ba-
sis of long bone diaphyseal length (13) or from the appearance and
fusion of various ossification centers (14). This information was
used in conjunction with the atlas results. Other anthropological
data, such as estimated stature, were also used to support final iden-
tifications.

Results

Nine of the juvenile passengers from the crash of ValuJet 592
were identified using anthropological methods. Of the hands re-
covered (N 5 9, including one pair of antimeres), seven were as-
sociated with the six youngest individuals on the plane, based on
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FIG. 1—(a) Left hand of passenger 1 (male; chronological age 3 years 4 months); (b) Gruelich & Pyle male standard 10 (skeletal age 3 years).
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skeletal ages derived from the Gruelich and Pyle atlas (Table 1).
The remaining hands represented two passengers identified by 
fingerprints.

Knees (N 5 6) and feet (N 5 4), with one exception, were iden-
tified only in individuals who had also been identified from a hand.
The three youngest and the two oldest individuals were also iden-
tified from knees, while only passengers 1, 3, and 6 were also iden-
tified from feet. Passenger #10 was identified solely from a knee.

While the radiographic atlas method was instrumental in identi-

fying eight of ten passengers, a ninth individual (passenger #7) was
identified by determination of skeletal age based on appearance
and fusion of ossification centers in the shoulder and arm. Stature
estimates, based on humerus length, were also important.

Discussion

The demographics of the passenger list enabled the team to 
rely more heavily on the atlas than might normally be possible. 
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TABLE 1—Exclusion matrix for the hand.

Sex Age Left Right Skeletal Age

Passenger 1 M 3 years 4 months Male std #10 3 years
Passenger 2 M 5 years 2 months Male std # 13 4 years 3 months
Passenger 3 F 6 years 8 months Female std #15 6 years 10 months
Passenger 4 F 7 years 6 months Female std #16 7 years 10 months
Passenger 5 F 8 years 8 months Female std #17 Female std #17 8 years 10 months
Passenger 6 F 11 years 11 months Female std #20 12 years
Passenger 7 F 13 years 6 months Remains identified by other anthropological methods
Passenger 8 F 14 years 3 months Fingerprint ID n/a
Passenger 9 M 15 years 2 months Fingerprint ID n/a
Passenger 10 M 15 years 2 months 14 years

FIG. 3—(a) Right hand of passenger 5 (female; chronological age 8 years 8 months); (b) Gruelich & Pyle female standard 17 (skeletal age 8 years 10
months).

FIG. 2—(a) Left hand of passenger 2 (female; chronological age 5 years 2 months); (b) Gruelich & Pyle male standard 13 (skeletal age 4 years 6
months).
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The team was able to identify the majority of the children because
of the spacing of birth dates and the separation between the ages of
males and females in the group. Of the ten juveniles under the age
of sixteen, the two youngest and two oldest were males (Table 1).
The slower skeletal maturation of males enabled 
the younger two to be easily differentiated from the females. 
The level of skeletal development demonstrated by male standard
13 (see Table 1, Passenger #2) corresponds closely to the develop-
ment illustrated in female standard 11. However, female standard
11 represents typical development in females at age three years and
six months while the youngest female on the passenger list was six
years and eight months. Therefore the remains showing such a
level of development could only belong to male passenger #2. The
level of skeletal maturity in the two older males may have corre-
sponded well with at least the oldest female; however, the males
were six inches taller than the tallest female. Therefore, large size
and increased robusticity combined with unfused epiphyses distin-
guished the oldest males from all others.

Radiographic methods of determining level of skeletal maturity
were originally developed for comparing skeletal age with chrono-
logical age in children suspected of exhibiting abnormal growth
patterns. Proper assessment of skeletal age contributes to accurate
diagnosis, assists in the timing of corrective orthopedic surgery,
and aids in prediction of adult height.

Both quantitative and normative methods have been developed
for determining stages of skeletal development. Quantitative meth-
ods, such as the Tanner-Whitehouse (13), Oxford (14), or Fels (15)
methods assign scores based on morphological “indicator grades.”
Skeletal age is determined by the sum of scores derived from as-
sessment of each specific ossification center. The Fels method also
provides confidence intervals for the median age.

Radiographic atlases offer a set of standard radiographs that rep-
resent a modal or “typical” level of skeletal maturity in the extrem-
ities at a given chronological age. The Greulich and Pyle radio-
graphic atlas of the hand and wrist (10) is widely used in clinical
radiology because vital organs are spared X-ray exposure. In addi-
tion, the hand and wrist are easily accessible, several bones are pre-
sent in a small area, and the hand can consistently be placed in a
standard position with little overlap of skeletal elements. The at-
lases for the foot and ankle, (16) and knee (17) are difficult to ob-
tain and are generally considered less reliable for assessment of
overall skeletal maturity than those of the hand and wrist.

In the case of the ValuJet crash, the extreme fragmentary condi-
tion of the remains precluded the use of quantitative methods be-
cause they require the presence of specific centers or evaluate cen-
ters from multiple body regions. Instead, the atlas was preferred for
initial evaluation of skeletal age of the ValuJet victims because it
allowed relatively rapid assessment and because at least one hand
was recovered from six of the ten juvenile victims.

Every mass fatality presents a unique challenge for identification
specialists. The nature of the disaster, the demographic composi-
tion of the victims, and the degree of trauma inflicted on the bodies
dictate which methods will be effective. The remains of the victims
of the ValuJet 592 tragedy were highly fragmented; the anthropol-
ogists were asked to assist only in the identification of a specific
subset of the victims (i.e., the juveniles); and the chronological age
and the distribution of the sex of the victims was fortuitous. Given
these circumstances, we feel that the atlas method was a most ef-
fective and efficient technique for identifying the juvenile victims.
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